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(57)Abstract: 

PROBLEM TO BE SOLVED: To form a highly dielectric 
oxide film, directly on a silicon laver without deteriorating 
its characteristics (high dielectric property, insulating 
property). 

SOLUTION: A highly dielectric nitride film 2 is formed on 
a silicon layer 1 and then is oxidized into highly dielectric 
oxide film 4. Preferably, the highly dielectric oxide film 4 
has dielectric constant of 20 or above, the highly 
dielectric oxide film 4 contains mainly on of zirconium 
oxide, tantalum oxide, titanium oxide, cesium oxide, 
hafnium oxide and the highly dielectric nitride film 2 
contains mainly one of zirconium nitride, tantalum nitride, 
titanium nitride, cesium nitride, or hafnium nitride. The 
enthalpy of the highly dielectric oxide film 4 is lower than 
that of the highly dielectric nitride film 2 or of a silicon 
oxide film and therefore is thermodynamically stable. 
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[0014] To enhance the speed and to reduce the power 
5 consumption of LSIs, semiconductor devices with high 
performance are needed. This requires miniaturizing MOS 
transistors, and therefore formation of MOSFETs having a 
shallow diffusion layer becomes necessary to reduce the short 
channel effect. 

10 [0015] Considering the above problems, the present 

invention aims at establishing a technique for forming a 
miniaturized MOS transistor that can prevent diffusion of 
impurities that have been introduced into a channel region or 
an S/D (source/drain) diffusion layer region to increase the 

15 stability of operation, and that can decrease the short channel 
effect by realizing shallow- junction S/D, and at providing a 
fabrication method for a semiconductor device that can form 
a shallow diffusion layer (extension region) of sufficient 
controllability without deteriorating the properties of the 

20 gate oxide film, and that can readily obtain a high-speed and 
high-density MOSFET . 
[0016] 

[Means for Solving the Problem] 

To achieve the above-mentioned objects, a method for 
25 fabricating a semiconductor device according to the invention 
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comprises the steps of: forming a gate electrode on a 
semiconductor substrate having a gate oxide film in between; 
and introducing impurities to the region which serves as the 
source/drain diffusion layer of the semiconductor device by 
5 ion implantation with the gate electrode serving as a mask. 
This method is characterized in that, when a shallow diffusion 
layer of 0.1 micrometers or less thickness is formed, the 
accelerated ion implantation voltage is set at 1 KeV or less, 
and the ion implantation is conducted under the conditions in 
10 which the amount of point defects that are introduced into the 
silicon substrate while conducting ion implantation is 
minimized. 

[0017] In order to achieve the above-mentioned 
objects, the method for fabricating a semiconductor device 

15 according to the invention comprises the steps of: forming a 
gate electrode on a semiconductor substrate having a gate oxide 
film in between; and introducing impurities to the region which 
serves as the source/drain diffusion layer of the 
semiconductor device by ion implantation with the gate 

20 electrode serving as a mask; and further comprises the steps 
of, when a shallow diffusion layer of 0.1 micrometers or less 
thickness is formed: conducting ion implantation under the 
conditions in which an accelerated boron implantation voltage 
is set at 1 KeV or less and the amount of point defects that 

25 have been introduced into a silicon substrate while conducting 
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ion implantation is minimized; forming sidewalls for the gate 
electrode; conducting ion implantation for forming a deep 
diffusion layer of 1 micrometers or more thickness; and 
conducting activation heat treatment by a lamp annealer. 
5 [0018] In the ion implantation step, during the step 

for forming a deep diffusion layer of 0 . 1 micrometers thickness 
or more, before or after implanting boron, which is a p-type 
impurity, into the silicon substrate, the surface of the 
silicon substrate is made amorphous. 
10 [0019] By making the surface of the substrate 

amorphous, channeling due to ion implantation does not occur, 
and the accelerated diffusion of interstitial silicon can be 
prevented. 

[0020] Moreover, in the interstitial silicon 
15 distributed layer that is formed by introducing interstitial 
silicon to the region where boron is implanted, it is possible 
to obtain a region where only vacancy-type defects exist by 
making the layer amorphous. By forming a region where only 
vacancy-type defects exist, interstitial silicon becomes 
20 inexistent, and this prevents accelerated diffusion. 
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[0041] Next, as shown in Fig. 4(d) , ion implantation 
is again performed in the region in which the deep source/drain 
diffusion layer is to be formed. This is the step for 
implanting ion for forming the deep diffusion layer 17 of 0.1 
5 micrometers or more thickness. 

[0042] Annealing for activating impurities: lamp 
annealing is performed at a high temperature for a short time 
in order to minimize diffusion of the boron that has been 
introduced into extension region 18. This is the step for 
10 conducting activation heat treatment by a lamp annealer. 
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Fig. 1 




Depth at Boron concentration of 1 x 10 20 /cm 3 (Xc) 
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y Depth at Boron concentration of 1 x 10 20 /cm 3 (Xc) 



4 Point defect introduced region 
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6 A/C interface 
8 Depth at Boron concentration of 1 x 1 0 20 /cm 3 (Xc) 
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